Some organs of the reproductive system of the protogynous monogenean skin parasite Macrogyrodactylus congolensis (Prudhoe, 1957) Yamaguti, 1963 have been studied using transmission electron microscopy. The vesicula seminalis is enclosed by a prominent layer of circular muscle fibres and has inner syncytial protrusions. The penis bulb is a highly muscular organ with prominent radial and circular muscle fibres, a gutter-shaped large spine and 16 small spines. Two syncytial male accessory glands, and a single reservoir for male accessory secretion were identified. The secretory bodies in the male accessory glands and male accessory reservoir have a unique structure. A large oocyte is situated in a chamber, previously referred to as the "ootype" or "egg-cell-forming region" (ECFR), which also contains one or two small undifferentiated cells and vacuolated tissue. Mature spermatozoa were abundant in the receptaculum seminis and dispersed in the vacuolated tissue in the ECFR and appeared to be attached to the membrane of the large oocyte. Mature spermatozoa were also seen in the parenchymal tissue near the chamber containing embryos and even in the tissues of the embryo.
Introduction
The North African catfish, Clarias gariepinus (Burchell, 1822) (syn: C. lazera) is parasitised by gyrodactylid monogeneans belonging to the genera Gyrodactylus Nordmann, 1832 and Macrogyrodactylus Malmberg 1957. These parasites have been implicated as agents of fish diseases. Macrogyrodactylus clarii Gussev, 1961 from the gills, and Macrogyrodactylus congolensis (Prudhoe 1957) Yamaguti, 1963 from the skin and fins were recorded for the first time in Egypt by El-Naggar and Serag (1987) and El-Naggar et al. (1999) respectively. Some previous accounts of M. congolensis were limited in scope (Prudhoe 1957 , Yamaguti 1963 , Thurston 1970 , Douël-lou and Chishawa 1995 . Other detailed anatomical studies (Arafa 2000; El-Naggar et al. 2001a,b; Arafa et al. 2003; El-Naggar et al. 2007; Arafa 2011; Arafa et al. 2013) did not focus on the ultrastructure of the reproductive system.
Little is known about the ultrastructure of the male reproductive system in gyrodactylids, including Macrogyrodactylus spp. Also, there is much confusion about the anatomy of the female reproductive system. There is no distinct germarium and the most conspicuous feature is the large oocyte located in a chamber situated immediately posterior to a chamber containing the developing embryos. In most accounts of the genus Macrogyrodactylus (e. g. Prudhoe 1957 , Khalil 1970 , El-Naggar and Serag 1987 ) the chamber containing the oocyte is regarded as the ootype. Cable et al. (1996) regarded this chamber as the ootype/seminal receptacle, while Jones et al. (1997) referred to it as the "egg-cell-forming region" (ECFR). The chamber containing embryos is regarded as the uterus by Prudhoe (1957) , Khalil (1970) , El-Naggar and Serag (1987) and Cable et al. (1996) . However, Kearn (1998) suggested that this chamber may be equivalent to the ootype of egg-laying monogeneans. In the present study the terms "ECFR" and *Corresponding author: safaa19@hotmail.com Ultrastructure of the reproductive system of the monogenean Macrogyrodactylus congolensis 239 "uterus" will be used for these anatomical features. The present study is an attempt to determine the ultrastructure of the reproductive organs, particularly those for which there is limited information like the male accessory reservoir, vesicula seminalis and penis bulb.
Gyrodactylids are unique among monogeneans in that they are viviparous and protogynous and multiply rapidly by a kind of polyembryony (see Kearn 1994) . The uterus may contain up to four embryos one inside each other. Gyrodactylids also have a unique reproductive strategy. The first daughter develops within the embryo mass. The second-born and subsequent daughters, however, all develop from oocytes which enter the uterus after the preceding daughter has been born (Cable and Harris 2002) . The male reproductive system becomes fully functional only after the second daughter has begun to develop (Harris 1985) . The production of the second-born daughter in isolated worms is thought to involve parthenogenesis. Subsequent daughters develop either sexually or parthenogenetically (Harris 1993) . Mixed reproductive strategy in which asexual or parthenogenetic reproduction alternates with sex in older, crowded populations may occur (Harris 1989) .The developmental biology of gyrodactylids has been studied by many authors (Cable and Harris 2002 , Bakke et al. 2007 , Schelkle et al. 2012 but most of these studies have been conducted on Gyrodactylus spp. not Macrogyrodactylus. Therefore, it was decided to make a detailed transmission electron microscope (TEM) study of the reproductive system of M. congolensis. Furthermore, since it is likely that viviparous monogeneans have evolved from oviparous ancestors, this study may also throw light on these evolutionary events and how the organs of the female reproductive systems in particular are related.
Materials and Methods
Specimens of Clarias gariepinus (Burch) (syn. C. lazera) were obtained from the Demietta branch of the River Nile, near Mansoura, Egypt. Fishes were kept alive until required in tanks containing river water. Fishes were killed and the skin was scraped using a sharp blade. The scrapings were placed in Petri dishes containing filtered river water and searched for Macrogyrodactylus congolensis with a stereomicroscope. Fins were also removed, immersed in river water in separate dishes and searched for parasites with a stereomicroscope. M. congolensis is protogynous and specimens selected for TEM were at the late male stage in which the male reproductive system was fully developed alongside the female system (see El-Naggar et al. 1999) . Specimens of M. congolensis were processed for TEM as follows: the parasites were washed using distilled water, then fixed in 2.5% glutaraldehyde buffered to pH 7.3 with 0.1 M sodium cacodylate-HCl buffer at 4°C for about 2 h. The specimens were washed for at least 1 h in several changes of cold buffer (0.1 M sodium cacodylate-HCl containing 3% sucrose and 0.1 M CaCl 2 ). Post-fixation was carried out using 1% osmium tetroxide in sodium cacodylate buffer at 4°C for 1 h. The specimens were left in the washing buffer overnight and were then dehydrated using an ascending series of ethanol solutions. They were then placed in a mixture of propylene oxide and Spurr resin, orientated and embedded in capsules containing resin. The capsules were placed in an oven overnight at 60°C. Ultrathin sections were cut at 70-90 nm using glass knives. The sections were mounted on singlehole and 75-mesh coated grids and stained in a solution of aqueous or alcoholic uranyl acetate for about 30 min followed by lead citrate for about 5 min. The sections were examined using a JEOL STEM electron microscope operating at 80 kV. Sectioning, staining and examination of TEM sections were conducted at the School of Biological Sciences, University of East Anglia, Norwich, England.
Results
Light microscope observations Figure 1 shows the main internal organs of M. congolensis at the late stage of male development. The male reproductive system consists of a single testis, vas deferens, vesicula seminalis, ejaculatory duct, two syncytial male accessory glands, one male accessory reservoir and the male copulatory apparatus. The latter is a spherical bulb provided with 16 small spines and a single large spine. The female reproductive system consists of a chamber containing a large egg cell (oocyte), a receptaculum seminis and the uterus containing developing embryos (E1-E4), one inside the other. For more details about the internal anatomy of M. congolensis at the light microscope level, see El-Naggar et al. (1999) .
Ultrastructure of the male reproductive tract
In sexually mature specimens of Macrogyrodactylus congolensis, all of the developmental stages of spermatogenesis were detected within the testis. The ultrastructure of mature spermatozoa of M. congolensis was found to be identical to that described by Arafa (2000) . No sections were found through the vas deferens. The wall of the vesicula seminalis contains a prominent layer of circular muscle fibres (Fig. 2) . Substantial protrusions from the wall into the lumen of the vesicula seminalis were recognised (Fig. 2) . These protrusions together with the lining of the vesicula seminalis form a syncytium with a well developed basement membrane (Fig. 2) . In some sections through the protrusions a relatively large nucleus was observed (Fig. 2) . The syncytial cytoplasm lining the lumen of the vesicula seminalis, contained abundant Golgi bodies, free ribosomes and mitochondria but no evidence of significant secretory activities (Fig. 2) . In some sections, groups of electron-lucent vesicles were also seen ( Fig. 2, inset) . Lamellae project from the luminal surface of the protrusions and from the lining of the vesicula seminalis. The cavity of the vesicula seminalis contained abundant mature spermatozoa (Fig. 2) . The proximal region of the ejaculatory duct contained protrusions similar to those found in the vesicula seminalis (Fig. 3) . The wall of the ejaculatory duct is highly muscular, composed of an inner layer of circular muscle fibres and an outer layer of longitudinal muscle fibres (Fig. 4) . Sperm profiles were detected in the ejaculatory duct (Fig. 3) .
The penis bulb is a highly muscular organ with prominent radial and circular muscle fibres in its wall (Figs 5, 6 ). Abundant mitochondria and particles, probably glycogen, were associated with the circular and radial muscle fibres (Figs 6).The luminal epithelium of the penis bulb is a thin syncytial layer; underneath the basal plasma membrane is an electron-dense basal lamina.
The large spine (Figs 5, 7) and small spines (Figs 8) were the most electron-dense structures in the TEM sections. The sclerites are thickened where they are attached to the penis bulb (Figs 7, 8) . In sections, the large spine is gutter-shaped and has two proximal extensions by which it is attached to the tissue of the penis bulb (Fig. 5) . The small spines rest on a thin fibrous layer to which some radial muscle fibres are connected (Figs 8) . Hemidesmosomes were detected between the radial muscle fibres and this fibrous layer (Fig. 8) .
It was confirmed by TEM that there are two syncytial male accessory glands, one on each side of the ejaculatory duct, and only one male accessory reservoir. On the inner surface of the plasma membrane surrounding each syncytial gland, there is a thin layer of electron-dense particles (Fig.  9 ). Each gland contains many nuclei and each nucleus possesses a conspicuous nucleolus (Fig. 9) . The cytoplasm of the male accessory gland contains membrane-bounded secretory bodies, granular endoplasmic reticulum, smooth endoplasmic reticulum, ribosomes and mitochondria (Fig. 10) . The secretory bodies have a unique structure. Each consists of an outer unstained zone of low electron density and an electron-dense central core. The latter consists of finely granular material and contains a highly electron-dense, often eccentrically located, small granule (Fig. 11) . Unlike the male accessory glands, the male accessory reservoir has a muscular wall composed of circular muscle fibres and is full of secretory bodies from the glands (Fig. 11) .
Ultrastructure of the female reproductive tract
The single large oocyte is situated in the "egg-cell-forming region" (ECFR, Fig. 12 ), which lies at the same level in the body as the receptaculum seminis. The large oocyte occupies the lateral region of the ECFR and the rest of the ECFR is filled with vacuolated tissue (Figs 13, 14) . This tissue has little cytoplasm, which is moderately electron-dense and contains abundant vacuoles (Figs 13, 14) .
The large oocyte possesses a large nucleus which contains chromatin patches (Fig. 12) . Some peripheral bodies were seen adjacent to the nuclear membrane (Fig. 12, inset) . These bodies have a beaded boundary membrane which encloses nucleoplasm; each nuclear body is about 200 nm in diameter. The cytoplasm of the large oocyte is moderately electrondense. Mitochondria and free ribosomes are abundant and electron-dense granules, some of which are large and others aph -anterior region of the pharynx; as -anterior adhesive sac; co -copulatory organ (= penis bulb); E1, E2, E3, E4 -embryos; db -dorsal bar; eb -excretory bladder; ECFR -egg cell forming region; ej -ejaculatory duct; hap -haptor; hl -head lobe; hm -hamulus; i -intestine; mg -male accessory glands; mh -marginal hooklet; mo -mouth; mr -male accessory reservoir; oo -large oocyte; p -haptoral papillae; pp -pharyngeal papillae; pph -posterior region of the pharynx; rs -receptaculum seminis; sp -spike sensillum; t -testis; u -"uterus"; vb -ventral bar, vd -vas deferens; vs -vesicula seminalis Figs 2-6. Electron micrographs of sections through the male reproductive tract of Macrogyrodactylus congolensis. Fig. 2 . Part of the vesicula seminalis showing protrusion from the syncytial epithelial lining and spermatozoa (s) in the lumen. cm -circular muscle fibres; Go -Golgi bodies; m -mitochondria; n -nucleus; r -ribosomes. Inset: Electron-lucent vesicles (lv) in the cytoplasm of the syncytial epithelial lining of the vesicula seminalis. Fig. 3 . Proximal region of the ejaculatory duct (ej). cm -circular muscle fibres; s -spermatozoa. Fig. 4 . Wall of the ejaculatory duct showing the prominent outer longitudinal muscle fibres (lm) and inner circular muscle fibres (cm). l -lumen; m -mitochondrion; sl -syncytial epithelial lining. Fig. 5 . Part of the penis bulb (pb) and male accessory reservoir (mr). ls -large spine. Fig. 6 . Prominent circular muscle fibres (cm) and radial muscle fibres (rm) of the penis bulb. gl -putative glycogen; m -mitochondrion Safaa Z. Arafa et al. 242 small and vacuolated, are also present. Electron-lucent vacuoles similar to those present in the vacuolated tissues were also detected in the cytoplasm of the large oocyte. Golgi bodies were occasionally found.
Mature spermatozoa were abundant in the receptaculum seminis and were also dispersed in the vacuolated tissue (Fig. 14) . Some of the spermatozoa profiles, present in the vacuolated tissue, appeared to be attached by their nuclear sur- Fig. 8 . Sections through the penis bulb showing small spines (ss) attached to the thin layer of fibrous tissue via thickened sclerite material (th). cm -circular muscle fibres; d -hemidesmosomes; rm -radial muscle fibres. Fig. 9 . Syncytial male accessory gland. Note the presence of a thin layer of electrondense particles (el) on the inner surface of the plasma membrane (pm). n -nucleus; nu -nucleolus; sb -secretory bodies. Fig. 10 . Cytoplasm of the male accessory gland containing secretory bodies (sb), granular endoplasmic reticulum (ger) and smooth endoplasmic reticulum (ser). Fig. 11 . Part of the male accessory reservoir (mr) surrounded by circular muscle fibres (cm). ej -ejaculatory duct; sb -secretory bodies Fig. 12 . Large oocyte (oo) in the "egg-cell-forming region" (ECFR). Note that the nucleus (n) contains chromatin patches (arrow heads). Inset: Part of the large oocyte (oo) showing mitochondria (m), electron-lucent vacuoles (v). n -nucleus. Arrows, nuclear bodies with beaded bounding membrane. Fig. 13 . Part of the large oocyte (oo) containing electron-dense granules (dog) and mitochondria (m). s -spermatozoon; vat -vacuolated tissue. Fig. 14 . Part of the large oocyte (oo), vacuolated tissue (vat) and receptaculum seminis (rs). m -mitochondrion; s -spermatozoon attached to the wall of the large oocyte. Inset: Spermatozoon (s) attached to the wall of the large oocyte (oo). Note that nuclear region is in contact with the ovum and that the oocyte cytoplasm is darker in the region of attachment. Fig. 15 . Two undifferentiated cells (uc) in the "egg-cell-forming region" (ECFR) adjacent to the large oocyte (oo). Note the presence of folded sheets of cytoplasm (arrows). ger -granular endoplasmic reticulum; Go -Golgi bodies; gs -granular secretory bodies; l -lysosomes; n -nucleus face to the membrane of the large oocyte (Fig. 14, inset) . The cytoplasm of the large oocyte in the region of attachment of the spermatozoon appeared more granular and electron-dense.
One or two small undifferentiated cells were detected lying immediately posterior to the large oocyte (Fig. 15) . Each of these cells had a large nucleus with some chromatin patches (Fig. 15) . The cytoplasm of each cell contained abundant ribosomes and appeared to be extended at the periphery to form thin, folded sheets of cytoplasm (Fig. 15) .
In addition to the places in which mature spermatozoa were detected (testis, ejaculatory duct, receptaculum seminis and vacuolated tissue beside the large oocyte in the ECFR), they were also seen in the parenchymal tissue near the uterus (chamber containing embryos) and even in the tissue of the embryo (Fig. 16) .
Large cells adjacent to the posterior region of the intestine were found to be completely different from the large oocyte (Fig. 17) . They are highly active glandular cells containing abundant granular endoplasmic reticulum, lysosomes, Golgi bodies, mitochondria and electron-dense granular secretory bodies (Fig. 17) .
Discussion
The present TEM study revealed the presence of all stages of spermatogenesis in the mature testis of Macrogyrodactylus congolensis. These stages were similar to those described by Schmahl and Elwasila (1992) in M. polypteri. The vesicula seminalis of M. congolensis has a syncytial wall with large protrusions into the lumen. In contrast, the vesicula seminalis of Entobdella soleae is an intracellular duct with a relatively thick glandular wall (Tappenden and Kearn 1991) . A relatively thick layer of circular muscle fibres is associated with the wall of the vesicula seminalis of M. congolensis. The wall of the ejaculatory duct is surrounded by an inner layer of circular and an outer layer of longitudinal muscle fibres. The muscles associated with the vesicula seminalis and the ejaculatory duct most likely serve to propel spermatozoa into the copulatory organ (= penis bulb) during copulation.
TEM sections of M. congolensis revealed that the granular secretory bodies in the male accessory glands and male accessory reservoir are complex. A thick layer of circular muscle fibres is associated with the wall of the male accessory reservoir but not the accessory gland. The contraction of these muscles probably pushes the secretory bodies into the penis bulb. The function of these secretory bodies is unknown.
There is much confusion about the anatomy of the female reproductive system in Macrogyrodactylus spp. Malmberg (1957) described two ovaries in M. polypteri lying dorsally behind the testis and identified a group of large cells situated ventrally in the posterior part of the body as oocytes. Also Khalil (1970) , working on M. polypteri, described two Vshaped ovaries, situated dorsally, behind the testis and a number of large cells, presumed to be oocytes, situated ventrally and arranged in two lateral groups. El-Naggar and Serag (1987), working on M. clarii, described two ovaries lying just posterior to the testis and a number of large cells, presumed to be oocytes, situated ventrally in the mid-body region, between and slightly posterior to the two ovaries. Cable et al. (1996) regarded cells in M. polypteri, similar to the posterior lateral rows of El-Naggar and Serag, as vitellaria. In a light microscope study of M. congolensis, El-Naggar et al. (1999) found cells ("cell type 1") near the intestinal bifurcation and associated with the posterior region of the intestinal limbs. These cells correspond in position to the "ovocytes" described by Prudhoe (1957) in M. congolensis in the original description. In TEM sections of the present study the large cells adjacent to the posterior region of the intestine were found to be completely different from the large oocyte and no evidence was found to support the suggestion that these cells are oocytes. These type I cells may be modified vitelline cells. Jones and Whittington (1992) and Jones et al. (1997) recorded one, rarely two, undifferentiated egg cells lying alongside the posterior margin of the large egg cell in what they termed the "egg-cell-forming region" (ECFR) (= "ootype") of Gyrodactylus kobayashii. Jones et al. (1997) suggested that the ECFR and the germ cells have a common embryological origin, and that the germ cells proliferate from the egg-cell-forming region during embryogenesis. In the present study, one or two small undifferentiated cells were also detected in the egg-cell-forming region lying immediately posterior to the large oocyte. There is no evidence that the conspicuous oocyte in the ECFR of M. congolensis comes from an "ovary" on each side of the body, behind the intestinal bifurcation, as suggested by Prudhoe (1957) or from paired "ovaries" behind the testis, as suggested by Malmberg (1957) , Khalil (1970) and El-Naggar and Serag (1987) . It is suggested, therefore, that the so-called ECFR is in fact the germarium. Because of the unusual reproductive biology (viviparity) of gyrodactylids, oocytes are required relatively infrequently compared with oviparous monogeneans (e. g. Entobdella soleae produces 2 eggs per hour; see Kearn 1986) . Consequently, the germarium of gyrodactylids is likely to be reduced to no more than a few germ cells attached to the wall of the chamber containing the large oocyte.
The chamber containing the large oocyte may be a fertilization chamber. This suggestion is supported by the observation of sperm profiles in TEM sections through the large oocyte. Some of these profiles were in contact with the oocyte membrane with evidence of cytoplasmic changes at the site of attachment. These features are consistent with fertilization being in progress. Khalil (1970) claimed that fertilization took place in this site in M. polypteri, since he found live sperms in the lumen. In Gyrodactylus spp., oocyte maturation and sperm storage occur in a single chamber, the ECFR, and a mature oocyte passes into the uterus after the birth of the preceding, fully developed offspring (Cable and Harris 2002) .
The large oocyte of M. congolensis possesses a large nucleus which has condensed chromatin. A small number of nu-clear bodies was found inside the nucleus, adjacent to the nuclear membrane. Similar bodies were recorded by Jones and Whittington (1992) in the nucleus of the egg cell of Gyrodactylus sp. However, those of Gyrodactylus sp. are numerous (about 50 bodies were present in only one section) and present in a cluster close to the nucleolus in egg cells at different stages of development, including a differentiating egg cell in the germinal region of a developing embryo. These nuclear bodies may play a role in nucleocytoplasmic transfer of genetic material or may be indicative of viral-induced modification of the egg cell (Williams 1988) . The cytoplasm of the large oocyte of M. congolensis is similar to that of other gyrodactylids (see, for example, Whittington 1992, Jones et al. 1997) . Some electron-lucent vacuoles were observed in the cytoplasm. These vacuoles are similar to those of the vacuolated tissue, which lies alongside the large oocyte and occupies the rest of the germarium. These vacuoles may enter the cytoplasm of the large oocyte of M. congolensis by phagocytosis, since some of them were detected just beneath the membrane of the large oocyte. Although vacuolated tissue similar to that of M. congolensis has not been previously described in other gyrodactylids, Jones et al. (1997) recorded large invaginations and vacuoles at the surface of the egg cell of Gyrodactylus kobayashii. These vacuoles contained granular material similar to the cytoplasm of the egg-cell-forming region and sometimes sperms were found within similar invaginations.
In the present study, TEM sections of M. congolensis revealed no vagina. In the original description of M. polypteri, Malmberg (1957) reported a narrow duct which he called "Laurer's canal" (vagina?) extending posteriorly from the receptaculum seminis and opening dorsally behind the testis. He also observed that there is a short, narrow, bent tube, emerging from the receptaculum seminis and travelling towards the large oocyte. There are no other reports of a vagina in Macrogyrodactylus spp. Jones et al. (1997) suggested that spermatozoa pass through the wall of the egg-cell-forming region of Gyrodactylus kobayashii to fertilize the egg as they found no duct carrying spermatozoa. However, El-Naggar et al. (1999) , using the light microscope, claimed to have found a duct between the receptaculum seminis and the germarium (= "ootype") and a vagina opening on the ventral surface and communicating with the receptaculum seminis. No ducts of this kind were found in the present ultrastructural study. This is an area requiring further attention.
Copulation has not been seen in living M. congolensis. ElNaggar et al. (1999) suggested that the large spine of the penis bulb would be capable of penetrating the body of the co-copulant and it is possible that the copulatory bulb and spine may operate like a hypodermic syringe. Hypodermic injection is thought to occur in other monogeneans e. g. in M. clarii (see El-Naggar and Serag 1987) and in Gastrocotyle trachuri (see Llewellyn 1983) . Uterine lining of gyrodactylids has syncytial lining (Cable and Harris 2002) . In the present study, the discovery of spermatozoa in the parenchymal tissues, in the tissue of the uterus and also in embryos, supports the suggestion of hypodermic impregnation in M. congolensis. Harris et al. (1997) detected sperms within the gastrodermis and uterine lining as well as in the testis, seminal receptacle and seminal vesicle of the gyrodactylids Gyrodactylus gasterostei, G. turnbulli and G. bullatarudis. They suggested that sperms within the uterine lining not the gut may be migrating from the insemination site to the seminal receptacle or, alternatively, might be migrating towards the anterior seminal vesicle or the penis from the testis. They also suggested that sperms within the gut cells may not have been moving normally. Harris et al. (1997) did not find sperms in the tissue of the embryos of gyrodactylids, although they found them distorting the embryonic surfaces, so they suggested that sperms are not transferred vertically between embryos. However, in the present study, some sperms appeared to be located within embryonic tissues, so sperms may pass from one generation to the next in this way. In M. congolensis, migration of sperms from the insemination site towards the receptaculum seminis or ECFR may occur. Migration of sperms from the testis towards the vesicula seminalis or penis bulb may also occur as a vas deferens carrying spermatozoa was not detected in TEM sections. However, El-Naggar et al.(1999) claimed to have found a vas deferens in whole mount preparations viewed with the light microscope.
In the viviparous gyrodactylids, the development occurs via two routes: first-born daughters develop at the centre of an embryo cluster in the uterus, whereas all other daughters develop from oocytes. Braun (1966) , Lester and Adams (1974) , Scott (1982) and Harris (1985) found that isolated gyrodactylids give birth to at least two daughters. Harris (1985) suggested that at least the first two daughters may develop without insemination (parthenogenetically). However, the discovery of spermatozoa in the tissues of the embryos of M. congolensis raises the possibility that all embryos may be derived from fertilized eggs, even embryos produced by isolated parasites, and that parthenogenesis may not occur.
